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An increase of membrane surface charge density (o) in general causes lowering
of the ordered to fluid state phase transition temperature {Tt) /13/. This is
understandable in view of the increased area per lipid molecule in the fluid
phase and the tendency of the electrostatic interactions to dilate the membrane
area (A). It is the purpose of this paper to estimate the contribution of the
lateral compressibility of the two phases of the membrane to the electrostati-
cally induced transition temperature shift (:.T?}.

A phenomenological description of the lipid membrane phase transition is in-
voked /2/. The free energy of the system is described as the sum of the free
energy of the corresponding uncharged membrane and the contribution arising
from the electrostatic interactions:

G(A,T) = GO(A,T) + 6%, ()
The lateral pressure of a lipid bilayer is zero and therefore
9G(A,T)/A = D. (2)

The free energy of the uncharged membrane at a value of membrane area A close
to the value A is written in an expanded form as

6°(AT) = 6°(A%,T) + L (A - a%)? (3)
2A

where x = - (an}a-]T/A is the lateral compressibility coefficient. The electro-

static contribution to the free energy, also written in the expanded form, is

Gel“] Z Gel{ﬁa) 5 ue](A = A°) (4)

where uﬂ, the effective lateral pressure due to the electrostatic contribution,
is at the high surface charge density 1imit of the Gouy-Chapman approximation
(with k the Boltzmann constant and e the unit charge) equal to

© = - 2Tore, . (5)
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It is assumed that for the uncharged membrane the phase transition occurs at T?
and that the membrane areas of the ordered and fluid phases are A° and Ag. re-
spectively. By invoking the equality of free enthalpies of the membrane phases
at the transition temperature, Ttl, corresponding to a given value of * , and
retaining linear terms in the expansion of free energy in the temperature shift,
nT: = Ti‘ - T?. the following expression is obtained for aT:

el [x® (a3 - A)/es°) [t - T( A9 = <A/ (RS - AD)] (6)

AT
where the entropy change 4s° is as°m°,1‘t’);a1' - 36°(A],15)/aT.

The expression obtained for aTi can be trusted only within the validity of the
expansion of the free energy function G(A,T). Nevertheless, it can be used to
point out that due to the difference in the lateral compressibilities of the

two membrane phases the second order of electrostatic contribution ma; be swg-
nificant. For the typical values expected for the lipid membranes, A; = 0.5 nm 2
A9 = 0.6 m’, ;= 2 m/N, x, = 20 w/N, and 1 = - 0.016 N/m, obtamed by taking
T =310 K and a/eo =-1/0.55 nm'2 corresponding to singly ionized lipid molecules,

the correction factor to the first order contribution to Tt shift, the latter
being ne](Ag - A?)/aso /3/, has the value 1.9. If the lipid molecuies bear two
charges, the correction factor is 2.8. These estimates indicate that the elec-
trostatic interaction may at least partly explain the nonlinear increase in the
T shift which was observed in phosphatidic acids /4/ and phosphatidyiserines
;1/ when comparing phase transitions of singly and doubly ionized lipid

molecules.
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